To compare geographical difference in the prevalence of isolated systolic hypertension (ISH) in between urban (Ansan) and rural (Ansung) Korean adults aged 40-69 years, 4351 men and 4604 women enrolled in the Korean Health and Genome Study were analysed. Information was collected regarding gender, alcohol intake, smoking status, household income, occupation, and years of education by trained interviewers. Eligible subjects included untreated hypertensive and normotensive subjects. ISH was defined as a systolic blood pressure (SBP) X140 mmHg and diastolic BP o90 mmHg. The overall age-adjusted prevalence of ISH was 4.1%. The prevalence of ISH in Ansung (5.7%) was higher than in Ansan (2.5%, Po0.05). Also it increased with increments of age, from 1.0 to 12.8% in Ansung (Po0.05) and from 0.3 to 13.0% in Ansan (Po0.05). In those with body mass index (BMI) X30.0 kg/m 2 in Ansung, the prevalence of ISH in women was twice as much as in men. The prevalence of ISH in obese men and women with a waist-hip ratio X1.0 and X0.85, respectively, was more than that of nonobese men and women in both areas. In Korea, because of industrialization, the age distribution was skewed and the Korean population in rural areas is more aged. ISH will become a truly major health problem in rural area, because ISH is related to age, BMI and waist-hip ratio. Therefore, the Korean government will be required to institute different policies in the hypertension management to target populations in rural and urban areas.
Introduction
In many developing countries, hypertension and cardiovascular diseases are the leading causes of morbidity and mortality, and have been of increasing concern in the making of national health policy during the last few decades. [1] [2] [3] In Korea, cardiovascular diseases, including stroke, are the third cause of all deaths, accounting for 25.0% of deaths in 2002. 4 Moreover, hypertension is becoming a greater problem because of increased life expectancy.
High blood pressure (BP) is one of the most important risk factors for cardiovascular disease, and many observational studies have shown that elevated systolic blood pressure (SBP) is more important than elevated diastolic blood pressure (DBP), [5] [6] [7] because elevated SBP is associated with significantly greater cardiovascular risk than increased DBP. 8 Isolated systolic hypertension (ISH) is age dependent 9 because of wide pulse pressure which is characterized by progressively increased SBP and decreased DBP after the age of 55 years. Treating ISH reduces the risk of cardiovascular disease in the elderly. 10 Although community-based or national programs for the detection and treatment of ISH have been carried out in many countries, [11] [12] [13] [14] [15] few studies on ISH have been carried in Korea [16] [17] and the prevalence of ISH in Korea was 4.3% in previous study. 18 In China, the prevalence of ISH was 7.6% and higher among rural residents vs urban residents. 19 In order to better assess the status of ISH with respect to geographical differences in Korea, we compared the prevalence of ISH between urban and rural Korean middle-aged populations.
Materials and methods
The Korean Health and Genome Study began in 2001, as an ongoing population-based study of Korean adults aged 40-69 years, supported by the Korean National Institute of Health. Participants included residents of an industrialized community, 32 km southwest of Seoul, South Korea (Ansan), and residents of a rural community (Ansung), 100 km south of Seoul. The procedures used were in accordance with institutional guidelines and were approved by the institutional review committee. Informed consent was obtained from all study participants.
The study enrollment methods used differed in the two communities, and were based on what was viewed to be the most efficient method of recruiting subjects. Since telephone use in Ansan is high, enrollment was based on a random selection from the telephone directory listings that were made available on compact discs by local telephone companies. In Ansung, cluster sampling based on mailing, door-to-door and telephone solicitations was adapted within five randomly selected governing regions (Myons) from a total of 11. In both Ansan and Ansung, the age and sex distributions of those examined were similar to those who were not examined. Although comparisons of other characteristics were not possible, the response rates achieved were similar to those of other cohort studies. The subjects enrolled in this project have been described in more detailed in our other studies. 20 The number of study participants was 10 040. Among this group, those being treated for hypertension were excluded to eliminate the possibility of confounding due to hypertensive medication. The final sample included 8955 subjects, ie 4351 men and 4604 women.
BP was measured according to the World Health Organization-International Society of Hypertension (WHO-ISH) guidelines 21 using a mercury sphygmomanometer by a trained technician. Three BP readings were taken on either arm with 30 s intervals. Subjects were supine for 5 min and caffeine substances and smoking were restricted for 30 min before the measurements. The BP presented in this study is the average of three measurements. Hypertension was defined as an SBP X140 mmHg or a DBP X90 mmHg according to the WHO-ISH guidelines. 21 Untreated hypertensive individuals were classified into three subtypes, namely, ISH -defined as an SBP X140 mmHg and a DBP o90 mmHg; isolated diastolic hypertension (IDH) -defined as an SBP o140 mmHg and a DBP X90 mmHg; combined systolic/diastolic hypertension (SDH) -defined as an SBP X140 mmHg and a DBP X90 mmHg.
Information was collected regarding gender, alcohol intake, smoking status, household income, occupation and years of education by trained interviewers. After the heights and the weights of subjects were measured, body mass index (BMI) was calculated using the equation (body weight in kg divided by height in meter squared). After measuring the waist and hip circumferences, the waist-hip ratio was calculated. In addition, individuals were classified by waist-hip ratio into nonobese (men o1.0 and women o0.85) and obese (men X1.0 and women X0.85). Smoking status was classified as current, ex-(those who stopped smoking for at least 1 year), and nonsmoker. Current smokers were defined as those having smoked at least one cigarette per day for at least 1 year. Subjects were classified as drinkers or nondrinkers in terms of current alcohol intake.
The data obtained during this study are presented as means and standard deviations for continuous variables, and as frequencies and percentages for categorical variables. Data were stratified by age, sex, and area. According to direct standardization method, the prevalence of ISH was adjusted by age. Statistical analysis upon rural and urban data was performed using the t-test for continuous variables and the w 2 test for categorical variables. All the analyses were conducted using SAS V8.01 and P-value of o0.05 was considered significant.
Results

General characteristics
The mean ages of the study populations, which was 54.978.8 (median 55) years in Ansung (rural) area and 48.577.5 (median 46) years in Ansan (urban) area, were statistically different (Po0.05) but age distributions within each area were similar between men and women ( Figure 1 ). Table 1 shows the age Figure 1 Distribution of the study population by age and sex between Ansung (rural area) and Ansan (urban area). and the general characteristics of the study subjects. In Ansung, SBP and DBP were higher than in Ansan. Ansung's subjects had lower heights and weights, and a higher waist-hip ratio. In Ansung, 48.3% of the subjects were educated for less than 6 years, while only 15.5% were in Ansan. The proportions of women, who had jobs were 57.5 and 31.8% in Ansung and Ansan, respectively. Income was higher in Ansan than in Ansung. Alcohol intake and smoking status were significantly different between Ansan and Ansung (Po0.05).
Prevalence of isolated systolic hypertension
The overall age-adjusted prevalence of ISH was higher in Ansung (4.4%) than in Ansan (4.0%) (Po0.05). In men age-adjusted prevalence of ISH was 4.0% in Ansung and 1.9% in Ansan, but in women age-adjusted prevalence was similar (4.7, 4.6%) in both areas. In those aged 40-44 years, women were more likely to have ISH than men (odd ratio (OR) ¼ 4.36, 95% confidence interval (CI) 0.52-36.4), while the prevalence of ISH was similar in between men and women aged 65-69 years in Ansung (OR ¼ 1.05, CI 0.69-1.58). In Ansan, those aged 40-44 years had a lower prevalence of ISH than those in Ansung, but those aged 65-69 years had similar prevalence. In terms of BMI, 7.1 and 6.3% of men and women with BMI o18.5 kg/m 2 , respectively, had ISH in Ansung, while none had ISH among those with BMI o18.5 kg/m 2 in Ansan. In Ansung, ISH prevalence of women with BMI X30.0 kg/m 2 was twice as much as male counterparts. ISH prevalence of obese subjects, with a waist-hip ratio X1.0 in men and X0.85 in women, was higher than nonobese subject in both areas but no obese man had ISH in Ansan ( Table 2) .
Distribution of hypertension subtypes by age and area
For those with untreated hypertension, the proportion of ISH was progressively increasing (Po0.05) and the proportion of IDH was progressively decreasing (Po0.05) with increments in age in both Ansung ( Figure 2 ) and Ansan ( Figure 3 ). In Ansung, the proportion of ISH was 13.7% in those aged 40-44 years, while its proportion was 4.5% in Ansan. Moreover in those aged 65-69 years, the proportion of ISH was 53.1% in Ansung while in Ansan its proportion was 60.9%. Combined systolic and diastolic hypertension ranged from 25.5 to 48.0% in all age groups in both populations. 
Discussion
This study showed that the age-adjusted overall prevalence of ISH in Ansung is as high as that of Ansan. We also found that ISH was uncommon (1.0% in Ansung, 0.3% in Ansan) in the population aged 40-44 years while its prevalence (12.8% in Ansung, 13.0% in Ansan) greatly increased in those aged 65-69 years. Previous studies have shown that ISH was age dependent. 9, [22] [23] [24] Over the past few decades, industrialization in developing countries, especially in Korea, has led to the increasing migration of young people from rural areas to urban areas. 25 In Ansung, men and women had a similar proportion from 14.4 to 20.1% among age groups. However, in Ansan, the age group distribution was skewed that the population aged 40-49 years had a large proportion of population (63.6-67.9%).
The prevalence of ISH in the Korean Genome Study cannot be directly compared with other previous studies, 10, 16, 17, 22, 26, 27 since each study employed different definitions of ISH and age distributions. As a result of of these limitations, the reported prevalence of ISH varies: ranging from 5 to 24% when an SBP X140 mmHg and a DBP o90 or o95 mmHg was used for the criterion use of ISH. 26, 28 The prevalence of ISH is higher in women than across all age groups except for women aged 55-59 years in Ansung and men aged 60-64 years in Ansan. Other studies had also shown that ISH is higher in elderly women than in elderly men. 29 The proportion of ISH among hypertensive subjects increased from 13.7% in the population aged 40-44 years to 53.1% in the population aged 65-69 years in Ansung. Several earlier studies showed a lower prevalence of ISH ranging from 5% in younger adults to 22% in the elderly. 10, 22, 26 These studies, however, defined ISH as an SBP X160 mmHg and DBP o90 or o95 mmHg. The present study used the more recent criteria, which defines ISH as an SBP X140 mmHg and a DBP o90 mmHg for untreated and inadequately treated individuals. The present study shows that the prevalence of ISH among hypertensive subjects was 25-32% in those aged 50-59 years and 48-59% in those aged 60-69 years. In the US, the Framingham Heart study reported a higher prevalence of ISH in untreated hypertensive individuals ranging 35-40% in those aged 50-59 years and 65-70% in those aged over 60 years. 30, 31 Moreover, the NHANES III study also showed that a higher prevalence of ISH was accounted for 54% in those aged 50-59 years and 87% in those aged over 60 years. In contrast, the present study showed a smaller ISH prevalence of 25-32% in those aged 50-59 years and 48-59% in those aged over 60 years.
This difference is attributed to geographical differences, the prevalence of hypertension, race, and the characteristics of the study subjects. The present study shows that different frequencies of ISH are found in the same race and in the same age groups among those living in rural and urban areas. Geographical difference is an important factor in the prevalence of ISH.
BMI was related to ISH. 32 The PREHSI study 33 showed that 61% of patients with ISH had excess weight and that 14% of those were obese. The Isolated systolic hypertension in middle-aged men and women BG Kim et al present study also shows that the prevalence of ISH is elevated in rural and urban women with increasing BMI. No relation was found between BMI and the prevalence of ISH among men, however. We think that because men in Ansung had higher age and lower BMI than that in Ansan, no relation was found. BMI reflects the degree of obesity, as does the waist-hip ratio, which indicates especially abdominal obesity. In our study, the percentage of men who had BMI over 30 was under 3% in both areas. Also the percentage of obese men was under 0.6% in Ansan. Our study showed a two-fold increase in the prevalence of ISH in the obese vs the nonobese group with respect to waist-hip-ratio. In contrast, no urban obese males, with waist-hip ratio X1.0, had ISH. Moreover, in the rural area, men had a higher prevalence of ISH than women, but in the urban area women had a higher prevalence than men. We think that the geographical difference in the prevalence of ISH between rural and urban areas is results from the different age distribution and the different means of waist-hip ratio. Many previous studies 12, 22 have shown that obesity, smoking, alcohol intake and years of education are associated with the prevalence of hypertension. The present study shows that the prevalence of ISH is significantly associated with BMI in Ansan women and occupation, years of education in Ansan without age adjustment. However, no significant relationship with smoking and alcohol intake was observed before and after age adjustment. Moreover, a higher income was significantly associated with a reduced risk of ISH. It is difficult to understand why our data show no significant association between smoking and ISH.
In the present study, some strength was found. Since a less studies on the prevalence of ISH in the urban and rural area were conducted, the present study was more helpful for ISH research studies in the developing countries. As the present study was part of the follow-up study, we would be researching the possible results of ISH.
There was some weakness that possible biases like recruitment/selection bias in the different regions would exist because of different recruiting methods or different population bases and analysis data. Since two regions were selected in this study, the results could be a chance finding. The age profiles were similar to other regions in the Korean National Survey, however, and the prevalence of hypertension in all Korean populations was different between rural and urban areas. Also we had a weakness in the data collected and analysed, which some potential confounders related to hypertension were not included. Further studies are required to confirm the ISH-related factors.
In conclusion, the present study showed a geographical difference in the prevalence of ISH between Koreans living in rural and urban areas. In Korea, because of industrialization, the age distribution was skewed and the Korean population in rural areas is more aged. ISH will become a truly major health problem in rural area, because ISH was related to age, BMI and waist-hip ratio. Therefore, because of the geographically different prevalence of ISH between rural and urban areas, the Korean government will be required to institute different national BP control programs in rural and urban areas (Table 4) . Table 4 What is known on this topic K The prevalence of ISH was associated with ageing 9,22-24 and BMI. 32, 33 
K
The proportion of ISH among hypertensive subjects was increased in the elderly.
What this paper adds
K
The geographical different frequencies of ISH are found in the same race and in the same age groups among those living in rural and urban areas.
In the industrializing country, the age distribution was skewed and the population in rural area is more aged. ISH will become a truly major health problem in the rural area, because ISH is related to age, BMI and waist-hip ratio.
In Korea, the prevalence of ISH was lower than that of China.
Isolated systolic hypertension in middle-aged men and women BG Kim et al
